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Our  previous  study  of  Lai_xSrxMn03±(5  (LSM)  infiltrated  Lao.6Sr0.4Coo.2Feo.803_s  (LSCF)  cathode  suggests 
that  a  hybrid  phase,  Lao.8Sr0.2Coo.i7Mn0.83  03_8  (LSMCo),  is  associated  with  the  observed  enhancement  in 
performance  and  stability  of  LSCF  cathodes.  Here  we  report  the  properties  of  LSMCo  as  a  potential  cathode 
for  a  solid  oxide  fuel  cell  (SOFC).  The  electrical  conductivity  of  LSMCo  varies  from  118  to  166Scm_1  at 
500-800  °C.  The  interfacial  polarization  resistances  of  an  LSMCo  cathode  on  YSZ  electrolyte  are  smaller 
than  those  of  an  LSM  cathode  at  600-800  °C.  The  performance  of  a  cell  based  on  an  LSMCo  cathode  is  ~34% 
higher  than  that  based  on  an  LSM  cathode  while  maintaining  comparable  long-term  stability,  indicating 
that  LSMCo  is  a  promising  cathode  material  for  intermediate  temperature  SOFCs. 

©  2012  Elsevier  B.V.  All  rights  reserved. 


1.  Introduction 

Solid  oxide  fuel  cells  (SOFCs)  have  a  great  potential  for  effi¬ 
cient  utilization  of  a  wide  variety  of  low-cost,  readily  available  fuels 
[1-4].  However,  cathode  polarization  still  contributes  considerably 
to  energy  loss  in  SOFC  operation,  more  so  at  lower  operating  tem¬ 
peratures.  While  significant  efforts  have  been  devoted  to  the  search 
for  materials  and  architectures  that  are  more  active  for  02  reduc¬ 
tion,  Lai_xSrxMn03_($  (LSM)  (>800  °C)  and  Lao.6Sr0.4Coo.2Feo.803_5 
(LSCF)  (<750  °C)  based  cathodes  still  remain  the  most  widely 
used  ones  because  the  adoption  of  alternative  cathode  materi¬ 
als  is  often  hindered  by  unproven  long-term  stability  and  limited 
compatibility  with  YSZ  electrolyte  or  other  cell  components,  espe¬ 
cially  at  high  temperatures  required  for  cell  fabrication.  It  is  well 
known  that  LSM  has  relatively  high  activity  for  02  reduction  and 
good  stability  and  compatibility  with  YSZ  electrolyte  at  high  tem¬ 
peratures  [5-7].  Recently,  DFT  calculation  showed  that  the  Mn 
based  cathodes  have  more  favorable  oxygen  adsorption  charac¬ 
teristics  with  rapid  surface  catalytic  kinetics  as  opposed  to  the 
Co  or  Fe  cations  in  Lai_xSrxM03_5  (where  M  =  Mn,  Co,  or  Fe)  [8]. 
However,  the  performance  of  LSM  is  hindered  by  its  extremely 
low  oxygen  ion  conductivity  at  temperature  below  800  °C,  lim¬ 
iting  the  02  reduction  reactions  to  the  triple  phase  boundaries 
(TPB)  between  electrode,  electrolyte  and  02  gas  [5,6].  At  lower 
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operating  temperatures,  accordingly,  LSCF-based  cathodes  showed 
higher  performance  than  LSM-based  ones,  due  most  likely  to  the 
much  higher  ambipolar  conductivity  and  the  extension  of  active 
site  for  oxygen  reduction  beyond  TPB  [9].  However,  the  long-term 
stability  of  LSCF  became  a  concern  due  primarily  to  Sr  enrichment 
on  LSCF  surface  [10,11].  It  is  desirable,  therefore,  to  modify  the 
surface  of  LSCF  cathodes  for  enhanced  stability  and  better  perfor¬ 
mance. 

One  effective  approach  is  to  modify  the  surface  of  LSCF  cathodes 
by  a  thin-film  coating  of  a  catalyst  with  higher  stability  and  catalytic 
activity  toward  oxygen  reduction.  A  successful  example  is  a  cath¬ 
ode  consisting  of  a  porous  LSCF  backbone  and  a  thin  coating  of  LSM 
[12].  The  LSM-infiltrated  LSCF  allows  the  use  of  the  best  properties 
of  two  different  materials:  the  excellent  ambipolar  conductivity  of 
LSCF  and  the  high  stability  and  catalytic  activity  of  LSM.  The  cata¬ 
lyst  coating  could  be  a  porous  layer  of  discrete  particles  or  a  dense, 
continuous  film.  Nanoparticles  of  ionic  conductors  such  as  SDC  have 
been  successfully  deposited  on  LSCF  surface  by  infiltration  of  aque¬ 
ous  nitrate  solutions  [13,14].  In  contrast,  dense  films  of  LSM  have 
been  prepared  using  non-aqueous  solutions  [15].  The  challenges 
lie  in  how  to  achieve  rational  design  of  desired  architecture  and 
microstructure  for  each  component  with  reduced  polarization  and 
enhanced  stability  at  low  cost.  Recently,  the  infiltration  of  a  thin 
LSM  coating  on  a  porous  LSCF  cathode  had  successfully  enhanced 
both  the  performance  and  the  stability  of  the  LSCF  cathode  [16]. 
Careful  characterization  of  the  LSM  coating  on  LSCF  after  annealing 
at  850  °C  for  900  h  revealed  that  Co  diffused  from  the  underlying 
LSCF  into  the  LSM  layer  to  form  a  hybrid  phase  between  LSM  and 
LSCF.  However,  there  was  no  evidence  of  strontium  enrichment  or 
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surface  phase  (e.g.,  SrO)  segregation  [15,16].  Further,  microanaly¬ 
ses  of  the  LSM  layer  on  LSCF  performed  under  TEM  suggested  that 
the  composition  of  the  hybrid  phase  is  La0.8Sro.2Coo.i7Mno.8303_(5 
(LSMCo),  which  is  responsible  for  the  observed  enhancement  in 
performance  and  stability  of  LSCF  cathodes.  Flence,  it  is  impor¬ 
tant  to  evaluate  the  intrinsic  properties  of  the  LSMCo  cathode 
under  typical  fuel  cell  operating  conditions.  In  fact,  there  have 
been  several  reports  focused  on  the  study  of  Co-doped  LSM 
materials.  For  example,  Kuharuangrong  et  al.  [17]  studied  the  ther¬ 
mal  expansion  coefficients  (TEC)  and  electrical  conductivities  of 
Lao.84Sro.i6Mno.eCoo.4O3  and  Lao.84Sro.1eMno.8Coo.2O3.  They  found 
that  the  electrical  conductivity  of  the  Co-doped  LSM  decreases 
but  the  TEC  increases  slightly  with  the  amount  of  Co.  The  TEC  for 
Lao.84Sro.i6Mno.sCoo.2O3  (~11.69  x  1 0-6  K_1 )  is  close  to  that  ofYSZ 
(10.3  x  10-6  K-1 )  [18].  Badwal  et  al.  [19,20]  reported  the  chemical 
diffusion  coefficient  of  Co  in  LSM  and  the  application  of  work  func¬ 
tion  measurement  for  surface  monitoring  of  the  (La,Sr)(Mn,Co)03. 
Huang  et  al.  [21]  impregnated  Lao.8Sr0.2Mn(i_X)Cox03  (x  =  0,  0.1, 
0.25  and  0.5)  into  a  scaffold  of  YSZ  to  form  composite  cathodes 
and  examined  their  electrochemical  performance.  They  found  that 
the  performance  was  the  best  when  the  content  of  Co  was  ~25%. 
However,  limited  data  are  available  for  Lao.sSro^Coo.iyMno.ssC^, 
which  is  the  most  stable  composition  for  LSM-infiltrated  LSCF  cath¬ 
odes  with  high  performance  and  excellent  stability. 

In  the  present  study,  we  have  systematically  characterized  the 
crystal  structure,  phase  stability,  electrical  conductivity,  and  com¬ 
patibility  with  YSZ  electrolyte  of  LSMCo.  Further,  electro-catalytic 
activity  for  oxygen  reduction  of  LSMCo  as  cathode  for  YSZ-based 
fuel  cells  was  also  evaluated  under  typical  fuel  cell  operating  con¬ 
ditions. 


2.  Experimental 

La0.8Sr0.2MnO3_5  (LSM)  and  Lao.sSro^Coo.iyMno.ssC^  (LSMCo) 
powders  were  synthesized  using  a  micro-wave  assisted  sol-gel 
method.  Take  LSMCo  for  example:  stoichiometric  amounts  of 
analytic  grade  La(N03)3-6H20,  Sr(N03)2,  Mn(N03)2-4H20  and 
Co(N03)2-6H20  were  dissolved  in  an  aqueous  solution,  and  cit¬ 
ric  acid  were  then  added  to  serve  as  the  complexing  agents.  The 
molar  ratio  of  total  metal  ions  to  citric  acid  was  kept  at  1:1.5.  The 
solution  was  then  heated  in  a  microwave  oven  (Panasonic  NN- 
H765WF,  1250  W)  for  10  min  to  get  gelation.  The  resulted  gel  was 
held  at  1 50  °C  for  24  h  to  remove  additional  water,  and  then  calcined 
at  500-800  °C  for  2h.  The  as-prepared  powders  were  uniaxially 
pressed  into  pellets  under  a  pressure  of  375  MPa  and  subsequently 
sintered  at  1350  °C  for  7h  to  get  dense  pellets.  To  investigate  the 
chemical  compatibility  between  LSMCo  and  YSZ  electrolyte,  LSMCo 
was  mixed  with  YSZ  (Tosoh,  Japan)  at  1:1  weight  ratio  and  then 
fired  in  air  at  1 050-1 1 50  °C  for  5  h.  To  investigate  the  electrochem¬ 
ical  behavior  of  the  LSM  and  LSMCo  cathode,  both  symmetric  cells 
and  anode  supported  cells  were  fabricated  as  described  as  follows 
[22].  The  symmetrical  cells  were  constructed  with  YSZ  electrolyte 
as  the  substrates  to  measure  the  interfacial  polarization  resistance 
under  open  circuit  conditions  or  under  cathodic  polarization.  The 
substrates  were  prepared  by  dry  pressing  YSZ  powder,  followed 
sintering  at  1450  °C  for  5h  to  get  dense  YSZ  pellets  (~10.7mm 
in  diameter  and  ~0.6mm  in  thickness).  LSM  and  LSMCo  slurries, 
prepared  by  mixing  the  as-prepared  powders  with  organic  binder 
(Heraeus  V006)  and  acetone,  were  brush  painted  on  both  surfaces 
of  electrolyte  pellets  and  fired  at  1 050  °C  for  2  h  to  form  symmetric 
cells.  A  silver  reference  electrode  (RE)  was  then  positioned  close 
to  the  working  electrode  (WE)  for  three-electrode  electrochemical 
measurements. 

The  anode-supported  single  cells  with  YSZ  as  the  elec¬ 
trolytes  and  Ni-YSZ  as  the  anodes  were  fabricated  to  further 
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Fig.  1.  XRD  patterns  of  LSMCo  powders  calcined  at  different  temperatures. 

characterize  the  electrode  performance.  Ni-YSZ  anode  support  was 
tape  casted  and  pre-fired  at  900  °C  for  2  h,  then  an  active  NiO-YSZ 
layer  (~15p,m)  and  YSZ  electrolyte  (~15p,m)  were  sequentially 
deposited  on  the  anode  support  by  a  particle  suspension  coat¬ 
ing  processes  [23,24]  followed  by  co-firing  at  1400 °C  for  5h.  The 
cathode  was  then  applied  to  the  YSZ  electrolyte  using  the  same  pro¬ 
cedures  for  the  fabrication  of  symmetric  cells  as  described  earlier. 

X-ray  diffraction  analysis  (X’  Pert  PRO  Alpha-1  PW-1800X-ray 
diffractometer  with  Cu  Ka  radiation)  and  Raman  spectroscopy 
(Renishaw  1000,  633  nm  excitation)  were  used  for  phase  identi¬ 
fication.  The  conductivities  of  the  LSM  and  LSMCo  cathodes  were 
measured  using  a  Van  der  Pauw  method  [25].  Impedance  mea¬ 
surements  were  performed  using  a  Solartron  1255  HF  frequency 
response  analyzer,  interfaced  with  an  EG&G  PAR  potentiostat 
model  273A  with  an  amplitude  of  10  mV  in  the  frequency  range 
from  100  kHz  to  0.1  Hz.  For  the  stability  test,  the  anode  supported 
cell  was  mounted  and  sealed  on  a  fuel  cell  testing  fixture,  and 
then  tested  with  3  vol.%  water  humidified  hydrogen  (30  ml  min-1 ) 
as  fuel  and  ambient  air  as  oxidant.  The  cell  performances  and  the 
long-term  electrochemical  performances  of  test  cells  were  exam¬ 
ined  with  an  Arbin  multi-channel  electrochemical  testing  system 
(MSTAT).  Microstructure  of  the  cathodes  was  observed  by  scanning 
electron  microscopy  (SEM,  LEO  1530). 

3.  Results  and  discussion 

3.1.  Phase  formation  of  LSMCo  powders  and  chemical 
compatibility  with  YSZ  electrolyte 

XRD  patterns  of  LSMCo  powders  calcined  at  different  temper¬ 
atures  (Fig.  1)  suggest  that  perovskite  structure  started  to  form 
at  600  °C.  As  increasing  the  firing  temperature,  the  characteris¬ 
tic  XRD  peaks  became  sharper  and  sharper,  indicating  the  grain 
growth  and  improvement  of  the  crystallinity  of  the  perovskite 
phase.  The  grain  sizes,  determined  from  the  Scherrer  formula  using 
the  (110)  peak,  were  22,  32,  45,  and  99  nm  at  firing  tempera¬ 
tures  of  600, 700,  800, 1 050  °C,  respectively.  Monoclinic  perovskite 
structure  was  formed  when  LSMCo  was  fired  at  1050°C  for  2h. 
Kuharuangrong  et  al.  [17]  reported  the  formation  of  monoclinic 
perovskite  Lao.84Sro.i6Mno.8Coo.2O3  and  Lao.84Sro.i6Mno.6Coo.4O3 
fired  at  1200°C.  This  suggests  that  the  powders  from  the  present 
work  have  higher  reactivity.  The  lattice  parameters  of  LSMCo  fired 
at  1 050  °C  are  a  =  5.4308  A,  b  =  5.4987  A,  c  =  7.6393  A  and  y0=9O.2368. 
For  comparison,  the  XRD  pattern  of  LSM  was  also  presented  in  Fig.  1 . 
It  can  be  seen  that  the  diffraction  peaks  of  LSMCo  shift  slightly 
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Fig.  2.  XRD  patterns  of  LSMCo-YSZ  powder  mixtures  fired  at  different  temperatures. 
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to  larger  angle  when  compared  with  those  of  LSM,  indicating  a 
decrease  in  the  lattice  constant.  Kuharuangrong  et  al.  [17]  also 
reported  that  the  lattice  parameters  decreased  with  Co  content  in 
LSM  because  the  size  of  Co3+  is  smaller  than  that  of  Mn3+. 

While  LSM  is  compatible  with  YSZ  electrolyte  [26],  the  compat¬ 
ibility  between  Co  doped  LSM  and  YSZ  depends  on  the  Co  doping 
level  [21].  Solid  state  reaction  between  La0.8Sr0.2CoxMn(1_X)O3 
(x  =  0.25  and  0.5)  and  YSZ  was  observed  when  co-fired  at  1100°C 
while  Lao.8Sro.2Coo.1Mo.9O3  was  chemically  compatible  with  YSZ 
[21].  Thus,  it  is  necessary  to  investigate  the  chemical  compati¬ 
bility  between  LSMCo  and  YSZ.  Fig.  2  shows  the  XRD  patterns 
from  mixtures  of  LSMCo  and  YSZ  fired  at  different  temperatures 
for  5h.  When  fired  at  1050-11 50  °C  for  5h,  no  observable  sec¬ 
ondary  phases  were  formed  between  LSMCo  and  YSZ,  indicating 
that  La0.8Sr0.2CoxMn(1_X)O3  (x  =  0.1 7)  is  chemically  compatible  with 
the  YSZ  electrolyte.  However,  from  Fig.  3,  we  can  see  that  a 
peak  at  302  cm-1  appeared  in  the  Raman  spectra  obtained  from 
a  LSMCo-YSZ  mixture  fired  at  1200°C,  suggesting  that  a  reaction 
product  La2Zr207  was  formed  between  LSMCo  and  YSZ  [27].  This 
peak  was  absent  from  the  spectra  of  the  samples  fired  at  lower 
temperatures,  indicating  that  LSMCo  and  YSZ  are  chemically  com¬ 
patible  at  these  temperatures.  Accordingly,  LSMCo  can  be  directly 
fired  on  YSZ  electrolyte  at  1050°C  for  2h  without  the  need  for  a 
doped  ceria  buffer  layer. 


tures. 


Fig.  4.  Electrical  conductivities  of  LSM  and  LSMCo  in  the  temperature  range  of 
500-800 °C. 

3.2.  Electrical  conductivities 

Fig.  4  shows  the  temperature  dependence  of  the  electrical  con¬ 
ductivities  (cr)  of  LSM  and  LSMCo.  The  conductivities  of  the  LSM 
without  Co  varied  from  203  to  229  S  cm-1  in  the  temperature 
range  of  500-800  °C,  which  are  slightly  higher  than  those  of  the 
LSMCo  (1 18-166  S  cm-1  at  500-800  °C).  The  decrease  in  electri¬ 
cal  conductivity  of  LSMCo  compared  with  LSM  can  be  explained 
by  electron-hole  charge  compensation.  While  the  conductivity  of 
lanthanum  strontium  manganite  is  determined  by  hole-hopping 
conduction,  that  of  lanthanum  strontium  cobaltite  is  dominated  by 
electron  transport  [17,28].  Thus,  the  electrons  associated  with  the 
doping  of  17mol%  Co  might  combine  with  the  holes  in  the  host 
lanthanum  strontium  manganite,  reducing  the  net  charge  carri¬ 
ers  density  and  hence  the  conductivity  of  LSMCo.  It  is  also  noted 
that  the  activation  energies  for  LSM  (0.1 1  eV)  is  lower  than  that  for 
LSMCo  (0.1 6  eV),  which  is  consistent  with  the  report  by  Kuharuan¬ 
grong  et  al.  [17]  and  Tai  et  al.  [29]. 

3.3.  Electrochemical  performance  under  open  circuit  conditions 

Fig.  5  shows  the  interfacial  polarization  resistance  (Rp)  of  LSM 
and  LSMCo  cathodes  on  YSZ  electrolyte  at  600-800  °C  measured 
under  open  circuit  conditions  (OCV).  Clearly,  the  Rp  for  LSMCo  were 
smaller  than  those  for  LSM  in  the  testing  temperature  range.  For 
example,  the  Rp  at  750  °C  was  reduced  from  35.0  £2  cm2  for  LSM  to 
24.8  £2  cm2  for  LSMCo,  representing  a  29.1%  improvement.  There¬ 
fore,  LSMCo  exhibited  higher  electrocatalytic  activity  than  LSM 
toward  oxygen  reduction  reactions. 

3.4.  Activation  behaviors 

It  is  well  known  that  LSM-based  cathodes  can  be  activated  sig¬ 
nificantly  by  the  application  of  a  cathodic  polarization  [30,31  ].  Such 
an  activation  behavior  of  LSM-based  cathodes  was  attributed  to  the 
broadening  of  the  TPBs  as  a  result  of  an  increase  in  local  oxygen 
vacancy  concentration  induced  by  cathodic  polarization  [32].  To 
investigate  the  activation  behavior  of  LSMCo  cathodes,  we  used  a 
symmetrical  test  cell  with  a  three-electrode  configuration.  The  use 
of  a  reference  electrode  enable  us  to  separate  the  cathodic  from 
the  anodic  polarization  at  a  given  cell  voltage  applied  between  the 
working  and  the  reference  electrodes.  All  electrochemical  measure¬ 
ments  under  a  polarized  condition  were  collected  at  lease  30  min 
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Fig.  5.  Interfacial  polarization  resistance  for  LSM  and  LSMCo  electrodes  on  a  YSZ 
electrolyte  as  determined  from  impedance  spectroscopy  at  600-800  °C. 


after  a  steady  state  was  reached.  Fig.  6  shows  the  impedance  spec¬ 
tra  for  cells  with  LSM  and  LSMCo  cathodes  at  750  °C  under  different 
cathodic  polarizations.  As  we  can  see,  both  LSM  and  LSMCo  cath¬ 
odes  showed  obvious  activation  process.  The  Rp  of  the  LSM  cathodes 
decreased  from  35.1  to  2.8  C2  cm2  while  the  Rp  of  the  LSMCo  cath¬ 
odes  decreased  from  21.5  to  2 A  £2  cm2  when  -0.3  V  was  applied, 
indicating  that  the  LSMCo  cathode  has  a  similar  activation  behavior 
as  the  LSM  cathode.  Shown  in  Fig.  7  are  some  typical  polariza¬ 
tion  curves  for  the  two  types  of  cathodes  obtained  at  750  °C.  The 
overpotentials  ( rj )  were  calculated  from  the  following  equation: 

h  =  L1Wr  -  i^ohm  0) 

where  HWr  is  the  applied  voltage,  i  is  the  current,  and  Rohm  is  the 
ohmic  resistance  of  the  test  cell  determined  from  impedance  spec¬ 
troscopy  performed  under  the  same  conditions.  The  overpotentials 
for  the  LSMCo  cathodes  are  a  little  bit  smaller  than  those  for  the 
LSM  cathodes  at  each  current  density;  the  difference  in  overpoten¬ 
tial  appeared  to  increase  with  current  density,  implying  that  the 
LSMCo  cathode  may  perform  better  than  the  LSM  cathode  under 
typical  fuel  cell  operation  conditions. 


Fig.  7.  Cathodic  polarization  curves  (overpotential  ij  versus  current  density  i)  for 
LSM  and  LSMCo  electrodes  on  an  YSZ  electrolyte. 


3.5.  Long-term  stability  of  single  cells  with  LSM  and  LSMCo 
cathode 

As  discussed  earlier,  the  long  term  stability  and  compatibility 
with  YSZ  electrolyte  is  often  the  main  concern  for  a  new  cathode 
material.  For  example,  while  the  short-term  performance  of  an  LSCF 
cathode  can  be  nearly  twice  that  of  an  LSM  cathode  [33],  the  degra¬ 
dation  in  power  density  has  been  reported  to  0.06-0.1 7%  h-1  for 
anode-supported  YSZ  cells  with  LSCF  cathode  operated  at  750  °C 
and  0.7  V  [34].  Fig.  8  shows  the  time  dependence  of  performance 
for  single  cells  with  LSM  and  LSMCo  as  the  cathode  deposited 
on  YSZ  electrolyte  (~15pum  thick)  supported  by  Ni-YSZ  anode. 
Humidified  hydrogen  (~3%  H20)  was  used  as  the  fuel  and  ambi¬ 
ent  air  as  the  oxidant.  After  about  100  h  operation  at  750  °C  under 
0.7  V,  the  current  densities  of  the  cells  with  LSM  and  LSMCo  cath¬ 
ode  approached  ~0.50  and  ~0.67  A  cm-2,  respectively,  without  any 
sign  of  degradation  for  both.  The  performance  of  the  cell  with 
the  LSMCo  cathode  is  ~34%  higher  than  that  of  the  LSM  cath¬ 
ode  while  maintaining  comparable  stability,  suggesting  that  the 
LSMCo  is  a  promising  cathode  material  for  intermediate  temper¬ 
ature  SOFCs.  The  observed  enhancement  in  power  output  and 
stability  is  attributed  to  the  suppression  of  SrO  formation  on  cath¬ 
ode  surface  and  the  increase  in  local  oxygen  vacancies  by  cathodic 
polarization  [31  ].  It  is  noted  that  the  initial  activation  of  the  LSMCo 
cathode  is  faster  than  that  of  the  LSM  cathode:  it  took  ~30h  for 
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Fig.  6.  Impedance  spectra  for  LSM  and  LSMCo  electrodes  on  an  YSZ  electrolyte  at 
750  °C  under  (a)  OCV  condition  and  (b)  a  cathodic  bias  of -0.3  V. 


Fig.  8.  Stability  of  single  cells  with  LSM  and  LSMCo  cathodes  as  measured  at  750  °C 
under  a  constant  cell  voltage  of  0.7  V  using  humidified  hydrogen  as  the  fuel  and 
stationary  air  as  the  oxidant  (cell  configuration:  Ni-YSZ/YSZ/cathode). 
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Fig.  9.  Cross-sectional  views  (SEM  images)  of  (a,  c)  LSM  and  (b,  d)  LSMCo  cathodes  on  an  YSZ  electrolyte  after  testing  at  750  °C  for  lOOh. 


the  LSMCo  cathode  to  reach  the  steady  state  but  ~70  h  for  the  LSM 
cathode. 


3.6.  Microstructure  of  LSM  and  LSMCo  cathode 

Fig.  9  shows  some  typical  microstructures  of  the  LSM  and  LSMCo 
cathode  and  the  interfaces  between  the  electrolyte  and  the  cath¬ 
odes  after  testing.  Both  LSM  and  LSMCo  cathodes  have  similar 
uniform  and  porous  structure  (~40%  porosity)  and  adhered  well 
to  the  electrolyte.  It  indicates  that  the  brush  painting  method  is 
reliable  and  available  for  preparing  cathode  and  the  difference  of 
performances  between  LSM  and  LSMCo  caused  by  the  fabrication 
process  is  negligible.  While  their  microstructures  are  similar,  the 
grain  sizes  of  the  LSM  cathode  are  slightly  smaller  than  those  of  the 
LSMCo  cathode:  0.2-0.3  p,m  for  LSM  (Fig.  9a)  and  0.3-0.4p,m  for 
LSMCo  (Fig.  9b). 

4.  Conclusions 

La0.8Sr0.2Co0.i7lVIno.8303_(5  is  examined  as  a  potential  cathode 
material  for  SOFCs.  XRD  analysis  shows  that  LSMCo  is  chemically 
compatible  with  YSZ  electrolyte  up  to  1150°C.  Its  electrical  con¬ 
ductivity  varies  from  118  to  166Scm-1  in  the  temperature  range 
of  500-800  °C,  suitable  as  cathode  for  intermediate  temperature 
SOFCs.  Electrochemical  measurements  demonstrate  that  the  inter¬ 
facial  polarization  resistance  of  LSMCo  on  YSZ  electrolyte  is  smaller 
than  that  of  LSM  in  the  temperature  range  of  600-800  °C  and  the 
overpotential  of  LSMCo  is  smaller  than  that  of  LSM  under  fuel  cell 
operation  conditions.  The  performance  of  LSMCo  is  ~34%  higher 
than  that  of  LSM  when  they  are  used  as  cathode  in  single  cells  oper¬ 
ated  at  750  °C  at  0.7  V.  No  obvious  degradation  is  observed  for  the 
LSMCo  cathode  after  operation  for  100  h. 
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